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DETECTION OF SINGLE DYE MOLECULES IN SOLUTION USING CONFOCAL 
LASER FLUORESCENCE MICROSCOPE 

Yoshihiro TAKEDA*, Fumitaka MAFUNE** and Tamotsu KONDOW** 
*East Tokyo Laboratory, Genesis Research Institute, Inc. 
** Cluster Laboratory, Toyota Technological Institute 

It is difficult to capture the interaction or fluctuation between a solute molecule 
and a surrounding solvent molecule in a solution only by observing many solute 
molecules as a group. To do this, detection and identification of individual solute 
molecules are required. There exist several techniques to detect individual molecules 
in a solution. In this article we will describe the detection of single dye molecules in a 
solution using a confocal laser fluorescence microscope. 

A laser fluorescence microscope with confocal optical system incorporated 
therein can collect fluorescent signals only from a microarea for observation. This is 
because laser-excited light is focused by objective lens so that focus area comes at a 
diameter of approximately 0.8um, and because the observation area is limited to 
approximately 1 um in depth direction by the confocal optical system. Further, when 
the concentration of dye molecules in a sample solution is 10" 10 M or less, only 
fluorescent signals from a single dye molecule can be detected because only one 
molecule is present in the observation area in certain time. Dye molecule absorbs the 
excited light, emits fluorescence with its life span of approximately 1 Ons, and returns to 
its ground state. Under irradiation of laser-excited light which continuously oscillates 
with a sufficient intensity, fluorescent molecule is immediately excited by the excited 
light, so that the absorption of excited light and the emission of fluorescence are 
repeated at intervals of approximately 10ns, releasing as much as 10 8 fluorescent 
photons per second. When the photons are detected by Avalanshe photodiode in a 
quantum yield of 70%, the detection efficiency becomes around 1% in the whole system, 



by which single dye molecules can be detected. 

As shown in Fig. 1, the experimental system comprises an argon ion laser as a 
light source (Spectra-Physics, BeamLok 2060-7S), an inverted microscope (Olympus 
1X70) and a detector. Argon ion laser-excited light reflected from a dichroic mirror 
(Olympus DM505) is focused and irradiated into a dye solution using an oil-immersed 
objective lens (Olympus UplanApo lOOxOil I). Fluorescent signals from dye 
molecules return to the same objective lens, and are collected through a band-pass filter. 
The fluorescent signal is detected using an Avalanshe photodiode (EG & G, SPCM-AQ), 
and then the number of photons is counted using a multi channel counter (Stanford 
Research Systems, SR430). In addition, to collect only the fluorescent signals from 
excited microarea (5xl0" i0 l), a pinhole with a diameter of 40urn is placed at a position 
conjugating with the focal point of the oil-immersed objective lens, thereby forming a 
confocal optical system. 

First, a concentrated dye solution is placed at about 10" 2 M on a cover glass of the 
fluorescent microscope. The height of an oil-immersed objective lens is finely 
adjusted for laser-excited light to focus into the sample. An optical system including a 
pin hole and lens is adjusted for its position with a micrometer, while seeing 
fluorescence from the sample by the naked eye. Next, the sample is replaced by a 
diluted sample to be measured, and measurement is continued. Because Avalanshe 
photodiode has a small light-acceptance surface with a diameter of 0.2mm, it is 
impossible to place the optical system at a precise position while seeing by the naked 
eye. Accordingly, after positioning substantially with a concentrated solution, a 
sample is replaced by a diluted solution to be measured, laser-excited light is irradiated, 
and then the position of Avalanshe photodiode is finely adjusted using a micrometer 
such that the count of fluorescent photons per unit time becomes maximal. 

Upon preparation of a sample, glass surface must be washed. Particularly when 



dye molecules are dissolved in water, insufficient washing would cause adsorption of a 
dye on the glass surface. Normally, we degreased a glass surface with acetone, and 
treated it with 1M KOH then a 2:1 solution of 30%H 2 O 2 and cone. H 2 S0 4 . As the 
result of such treatment, lipophilic components can be removed out of the glass surface, 
OH groups are regenerated on the surface, making the surface hydrophilic. 

When water or an alcohol is used as a solvent, Raman scattering becomes a large 
background noise due to OH stretching vibration. For example, when rhodamine 6G 
fluorescence (maximum fluorescent wavelength 556nm) is measured with excited light 
at 488nm, Raman scattering appears at around 575nm and its overlap with fluorescent 
signals becomes large. To observe fluorescence which is sufficiently stronger than 
stray light or Raman scattering, the adjustment of the wavelength and intensity of 
excited light, as well as appropriate selection of a band pass filter, is required. 
Regarding the wavelength of excited light, when the wavelength of excited light is 
adjusted to the maximum absoiption wavelength of a dye molecule (530 nm), the 
wavelengths of excitation and fluorescence are so close to one another that it becomes 
difficult to separate fluorescent signals from stray light. In contrast, the shorter the 
excitation wavelength, the better the separation of fluorescent signals from stray light. 
However, there are difficulties; that is, fluorescent signals become weaker because the 
absorption coefficient of a dye decreases at this excitation wavelength, and Raman 
scattering overlaps with fluorescent signals. It is thought that there also exists an 
optimum intensity in excited light. As the intensity increases, both stray light and 
Raman scattering become larger and, as a result, quenching of a fluorescent dye starts to 
occur. On the other hand, when the intensity is low, it takes a certain period of time 
until re-excitation ocuurs after dye molecules return to their ground state, so fluorescent 
signals become weaker. In a system as illustrated in Fig. 2, the best results can be 
obtained with an excitation wavelength of 514nm and an intensity of 0.5mW. 
Regarding a band-pass filter, an optimum penetration wavelength and its half width 
should be determined. Background noises, such as Raman scattering and stray light, 



are minimized and the signal intensity is kept at a level which is not too low. We used 
a band-pass filter BP545-580 (Omega Optics, band width: 545nm-580nm). 

Figure 2a shows the time-dependency of fluorescence when the gate time of a 
multichannel counter is set at 1.34ms. A single molecule can be detected when a 
rhodamine 6G solution is at a concentration of 10~ 10 M or less. Observed here is that 
rhodamine 6G molecules (in Brownian movement), which have entered into an 
observation area, repeat absorption of excited light and release of fluorescence at a life 
span of approximately 10ns, and release about 10 8 photons per sec (bunching). When 
these molecules leave the observation area, fluorescent signals quench (anti-bunching). 
Furthermore, the residence time of rhodamine 6G due to Brownian movement within 
the observation area is thought to be about 1ms. During the residence time, a single 
dye molecule releases about 1 0 6 photons. Since about 1 ,000 photons are measured in 
this case, the detection system detects photons in about 1% efficiency. Figure 2b 
shows the results when the gate time of the multichannel counter was changed to 80ns. 
This figure shows that a single dye molecule randomly repeated absorption of excited 
light and release of fluorescence at an average period of about 10ns. 



Fig. 1 Diagram of a confocal laser fluorescent microscope system 

Fig. 2 Time-dependency of fluorescent signal in a solution of water and ethanol (1:1) 
containing 10" I0 M rhodamine 6G. 

(a) Gate time of a multichannel counter was set at 1 .34ms; the number of data points on 
the time axis was set to lk. O denotes a bunching area; <C> denotes an anti -bunching 
area, (b) Gate time of a multichannel counter was set at 80ns; the number of data 
points on the time axis was set to 16k. A denotes time when one dye molecule enters 
into the observation area. 



